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INC: ITERATIVE VECTORIZATION OF ARCHITECTURAL AND TECHNICAL DRAWINGS

Iterative Vectorization of Architectural and Technical Drawings

Vectorization is the process of translating drawings from raster to editable vector format.
Vectorization of architectural and technical drawings is often required to review or update existing
projects. If done manually, vectorization can be expensive and time consuming. Traditional
approaches to automatize this process involve classical computer vision techniques. More recent
approaches rely on deep neural networks to extract a vector prediction from a raster input. The key
difficulty in performing automatic vectorization is to obtain vector predictions that are accurate
enough for technical applications.
A method for iteratively vectorizing architectural and technical drawings is disclosed. The method
involves alternating the automatic vectorization with a continuous refinement of the vector
prediction. The process is iterated to improve the quality of the final vectorized output. In the
proposed method, the output of the automatic vectorization step only provides approximate values
for the control points of the vector primitives (for example lines and Bezier curves). In the refinement
step, the values of the control points are precisely adjusted by maximizing the accuracy of the vector
prediction. Clean‐up steps are also interleaved to remove spurious or misplaced vector primitives.
The method described in Ref. [1] performs automated vectorization using a deep neural network and
subsequently refines the control points of the primitives using a physics‐inspired, mean‐field
technique. Refinement is performed as minimization of an energy potential. The raster image is
modelled as a field of charges that attracts vector elements, which are also modelled as electrical
charges. There is also a repulsion potential among charged primitives to avoid alignment and
overlapping of primitives to the same area. Limitations of this method are:
1. It cannot recover undetected vector primitives.
2. It cannot remove misplaced vector primitives.
3. It uses an approximate minimization technique of a custom‐built energy potential.
The method disclosed here overcome the first two limitations by using iterations and clean‐up steps.
It also improves on the third limitation by exploiting differentiable rasterization [2] to directly minimize
a distance measure between the raster target and the rasterized vector image. Consequently, the
disclosed method significantly improves the accuracy of the vector output as compared to previous
methods. A flowchart that describes the disclosed method is attached in Fig. 1. The method is based
on iterating the following multi‐step vectorization procedure:
1. The input to the vectorization procedure is a black and white raster image, the raster input
(for example a .png file). The raster image is fed to an automated vectorization routine that
outputs a vector image, the vector proposal (for example an .svg file). An embodiment of this
step is provided in Fig. 2, where the raster input is vectorized by a deep neural network.
2. A clean‐up routine takes raster input and vector proposal as inputs to remove spurious or
misplaced vector primitives. The overlap between each primitive in vector proposal and raster
input is first computed. A primitive is then removed if its overlap is below a threshold set by
the user. The routine outputs a vector image, the pre‐cleaned vector. An embodiment of this
step is shown in Fig. 3.
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3. The refinement step takes raster input and pre‐cleaned vector as inputs. It uses differentiable
rasterization to directly minimize a raster error (for example a mean square error) between
raster input and the rasterized pre‐cleaned vector. The control points of all the primitives
encoded in pre‐cleaned vector are finely adjusted using gradient‐descent. The minimization
routine depends on a series of user‐controlled parameters, such as the learning‐rate, the
number of optimization steps and the choice of the optimizer. It also uses alpha blending to
prevent overlap among vector primitives. It outputs a refined vector image, the refined vector.
An embodiment of this procedure is shown in Fig. 4.
4. The clean‐up routine is used a second time with raster input and refined vector as inputs. In
this step a more aggressive threshold is set to further removes vector primitives that were not
well aligned by the refinement step. The clean‐up routine outputs a vector image, the vector
output. An embodiment of the refinement step is shown in Fig. 5.
5. A standard rasterization routine is used to generate a black and white raster image from vector
output, the raster output. The output of the vectorization procedure is the raster output and
vector output pair.
At each step during the vectorization procedure, raster images may be pre‐processed or denoised.
Clean‐up steps might also be effectively skipped by setting arbitrary low thresholds.
The iteration of the vectorization procedure is now described. The corresponding flowchart is also
shown in Fig. 1. The number of iterations is an arbitrary parameter set by the user. The description
below is specialized to three iterations:
1. The raster input for the first iteration, the raster‐input‐1, is the technical or architectural
drawing to be vectorized. The output of the vectorization procedure is the raster and vector
output pair, the vector‐output‐1 and the raster‐output‐1. An embodiment of this iteration is
shown in Fig. 6.
2. The raster input for the second iteration, the raster‐input‐2, includes the raster features that
are included in raster‐input‐1 but are missing in raster‐output‐1. In mathematical terms:
raster‐input‐2 = Max (0, raster‐input‐1 ‐ raster‐output‐1). The output of this iteration is the
vector‐output‐2 and the raster‐output‐2 pair. An embodiment of this iteration is shown in Fig.
7.
3. The raster input for the second iteration, the raster‐input‐3, includes the raster features that
are included in raster‐input‐2 but are missing in raster‐output‐2. In mathematical terms:
raster‐input‐3 = Max (0, raster‐input‐2 ‐ raster‐output‐2). The output of this iteration is the
vector‐output‐3 and the raster‐output‐3 pair. An embodiment of this iteration is shown in Fig.
8.
4. The vector outputs from all previous iterations are combined into one single vector output,
the vector output combined. This is obtained by joining all vector primitives from all iterations
into one single vector image. A final raster output, the raster output combined, is also obtained
with a simple rasterization of vector output combined. An embodiment of the combination
step is shown in Fig. 9.
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Figures

Figure 1. Iterative Vectorization
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Raster Input
Vector Proposal
Figure 2. Step 1 of the vectorization procedure

Vector Proposal
Pre‐Cleaned Vector
Figure 3. Step 2 of the vectorization procedure
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Pre‐Cleaned Vector
Refined Vector
Figure 4. Step 3 of the vectorization procedure

Refined Vector
Cleaned Vector
Figure 5. Step 4 and 5 of the vectorization procedure
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Raster‐Input‐1
Raster‐Output‐1
Figure 6. First iteration of the vectorization procedure

Raster‐Input‐2
Raster‐Output‐2
Figure 7. Second iteration of the vectorization procedure
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Raster‐Input‐3
Raster‐Output‐3
Figure 8. Third iteration of the vectorization procedure

Raster Input
Raster Output Combined
Figure 9. Third iteration of the vectorization procedure
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